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(54) SEMICONDUCTOR DEVICE 



(57)Abstract: 

PROBLEM TO BE SOLVED: To perform accurately on/off control of high voltage 
externally supplied without increasing chip area not so much in a semiconductor 
device having a non-volatile memory. 

SOLUTION: This device is provided with a charge pump circuit 1 , a voltage 



supply terminal 4, a first impedance element QN3 turning on/off a current path 
between the charge pump circuit and the non-volatile memory, a second 
impedance element QN2 turning on/off a current path between the voltage 
supply terminal and the non-volatile memory, and a control circuit 5 to which 
voltage is supplied from the charge pump circuit and which controls the first and 
second impedance elements. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The charge pump circuit which is the semiconductor device which has 
nonvolatile memory and generates a predetermined electrical potential difference 
in the interior of said semiconductor device, The electrical-potential-difference 
supply terminal with which an electrical potential difference is impressed from the 
exterior, and the 1st impedance component which turns on / turns off the current 
path between said charge pump circuits and said nonvolatile memory, The 
semiconductor device possessing the 2nd impedance component which turns on 
/ turns off the current path between said electrical-potential-difference supply 
terminals and said nonvolatile memory, and the control circuit which an electrical 
potential difference is supplied from said charge pump circuit, and controls said 
1st and 2nd impedance components. 

[Claim 2] The semiconductor device according to claim 1 characterized by 
including the switching circuit which turns on the 2nd impedance component 
while said control circuit turns off the 1st impedance component according to the 
signal which becomes active in a static test mode. 

[Claim 3] The semiconductor device according to claim 1 or 2 characterized by 
providing further the 3rd impedance component which is controlled by said 
control circuit, and turns on / turns off the current path between said charge 
pump circuit and said electrical-potential-difference supply terminal. 
[Claim 4] The semiconductor device of claim 1-3 characterized by providing 
further the regulator for stabilizing the electrical potential difference supplied to 
said nonvolatile memory through said 1st impedance component in the normal 
mode from said charge pump circuit given in any 1 term. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the semiconductor 
device which has nonvolatile memory about a semiconductor device. 
[0002] 

[Description of the Prior Art] In order to write data in nonvolatile memory, such as 
a flash memory, the high tension of 12-18V is required. However, since the 
supply voltage of the latest semiconductor device is 3-5V, when driving 
nonvolatile memory on this electrical potential difference, it must carry out 
pressure up of the supply voltage in a semiconductor device, and must obtain 
high tension. Therefore, in the normal mode, high tension has been obtained by 
the charge pump circuit generally built in the semiconductor device. On the other 
hand, in the check mode which checks actuation of a semiconductor device, 
since actuation of each circuit part must be checked, it is necessary to supply 
high tension from the exterior. 

[0003] The example of a configuration of such a conventional semiconductor 
device is shown in drawing 3 . As shown in drawing 3 , this semiconductor device 



has the charge pump circuit 1 1 for usual which generates the high tension for 
writing data in nonvolatile memory in the normal mode. The output voltage of the 
charge pump circuit 1 1 for usual is stabilized by the regulator 2, and is supplied 
to the internal circuitry 3 containing nonvolatile memory. On the other hand, when 
performing the write-in trial of nonvolatile memory in a static test mode, a test 
enable signal becomes active and high tension is impressed to the high voltage 
supply terminal 4. If a test enable signal becomes active, a regulator 2 will 
suspend actuation and the charge pump circuit 12 for a test will start pressure-up 
actuation. In a static test mode, the charge pump circuit 1 1 for usual does not 
operate. The pressure-up electrical potential difference of the charge pump 
circuit 12 for a test is impressed to the gate of the N-channel metal oxide 
semiconductor transistor QN6 used as the pass gate. A transistor QN6 turns on 
by this and the high tension impressed to the high voltage supply terminal 4 is 
supplied to an internal circuitry 3. 

[0004] Thus, since the gate voltage of a transistor QN6 is not changed even if a 
high current flows to an internal circuitry 3 by forming the charge pump circuit 12 
for a test separately from the charge pump circuit 1 1 for usual, ON/OFF control of 
the high tension supplied from the outside can be performed to accuracy. On the 
other hand, in order to form the charge pump circuit 12 for a test, there was a 
fault that the chip area of a semiconductor device will increase. 
[0005] Other examples of a configuration of the conventional semiconductor 
device are shown in drawing 4 . As shown in drawing 4 , this semiconductor 
device has the high-tension switch 25 instead of the charge pump circuit 12 for a 
test in drawing 3 . In a static test mode, from the charge pump circuit 1, high 
tension HV is supplied to the high-tension switch 25, and it operates. The output 
voltage of the high-tension switch 25 is impressed to the gate of the N-channel 
metal oxide semiconductor transistor QN6 used as the pass gate. A transistor 
QN6 turns on by this and the high tension impressed to the high voltage supply 
terminal 4 is supplied to an internal circuitry 3. 

[0006] Thus, the charge pump circuit 12 for a test in drawing 3 is omissible by 



forming the high-tension switch 25 which high tension is supplied and operates 
from the charge pump circuit 1. When the high current exceeding the capacity of 
the charge pump circuit 1 flowed to the internal circuitry 3 on the other hand, the 
output voltage of the high-tension switch 25, i.e., the gate voltage of a transistor 
QN6, declined, and there was a fault that ON/OFF control of high tension could 
not be performed to accuracy. 
[0007] 

[Problem(s) to be Solved by the Invention] Then, in the semiconductor device 
with which the object of this invention has nonvolatile memory in view of the 
above-mentioned point, it is enabling it to perform ON/OFF control of the high 
tension supplied from the outside to accuracy, without making a chip area 
increase not much. 
[0008] 

[Means for Solving the Problem] In order to solve the above technical problem, 
the semiconductor device concerning this Invention The charge pump circuit 
which is the semiconductor device which has nonvolatile memory and generates 
a predetermined electrical potential difference in the interior of a semiconductor 
device. The electrical-potential-difference supply terminal with which an electrical 
potential difference is impressed from the exterior, and the 1st impedance 
component which turns on / turns off the current path between a charge pump 
circuit and nonvolatile memory. The 2nd impedance component which turns on / 
turns off the current path between an electrical-potential-difference supply 
terminal and nonvolatile memory, and the control circuit which an electrical 
potential difference is supplied from a charge pump circuit, and controls the 1st 
and 2nd impedance components are provided. 

[0009] Here, while a control circuit turns off the 1st impedance component 
according to the signal which becomes active in a static test mode, you may also 
include the switching circuit which turns on the 2nd impedance component. 
Moreover, the above-mentioned semiconductor device may possess further the 
3rd impedance component which is controlled by the control circuit, and turns on 



/ turns off the current path between a charge pump circuit and an electrical- 
potential-difference supply terminal. Or the above-mentioned semiconductor 
device may possess further the regulator for stabilizing the electrical potential 
difference supplied to nonvolatile memory through the 1st impedance component 
in the normal mode from a charge pump circuit. 
[0010] According to the semiconductor device concerning this invention 
constituted as mentioned above, in the semiconductor device which has 
nonvolatile memory, ON/OFF control of the high tension supplied from the 
outside can be performed to accuracy, without making a chip area increase not 
much. 
[0011] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention 
is explained based on a drawing. In addition, the same reference number is given 
to the same component, and explanation is omitted. The structure of the 
semiconductor device applied to 1 operation gestalt of this invention at drawing 1 
is shown. As shown in drawing 1 , this semiconductor device has the charge 
pump circuit 1 which generates the high tension for writing data in nonvolatile 
memory in the normal mode. The output voltage of the charge pump circuit 1 is 
stabilized by the regulator 2, and is supplied to the internal circuitry 3 containing 
nonvolatile memory. 

[0012] On the other hand, when performing the write-in trial of nonvolatile 
memory in a static test mode, a test enable signal becomes active and high 
tension is impressed to the high voltage supply terminal 4. If a test enable signal 
becomes active, a regulator 2 suspends actuation, from the charge pump circuit 
1 , high tension HV will be supplied to the high-tension switch 5, and it will operate. 
By forming such a high-tension switch 5, the charge pump circuit 12 for a test in 
drawing 3 is omissible. 

[0013] The high-level signal OUT outputted from the high-tension switch 5 when 
a test enable signal becomes active is impressed to the gate of the N-channel 
metal oxide semiconductor transistors QN1 and QN2. The transistor QN2 used 



as the pass gate turns on by this, and the high tension impressed to the high 
voltage supply terminal 4 is supplied to an internal circuitry 3. Moreover, since a 
transistor QN1 is also turned on, when the output voltage of the charge pump 
circuit 1 goes up too much, a reverse current flows from the charge pump circuit 
1 to the high voltage supply terminal 4. 

[0014] The signal OUT bar of the low level outputted from the high-tension switch 
5 when a test enable signal becomes active is impressed to the gate of the N- 
channel metal oxide semiconductor transistor QN3. Thereby, a transistor QN3 
turns off and the charge pump circuit 1 and an internal circuitry 3 are separated. 
For this reason, even if a high current flows to an internal circuitry 3, the loss of 
power of the charge pump circuit 1 does not happen. Therefore, since the output 
voltage of the high-tension switch 5, i.e., the gate voltage of a transistor QN2, 
does not decline, ON/OFF control of the high tension supplied from the outside 
can be performed to accuracy. 

[0015] Next, the configuration of the high-tension switch 5 used for the 
semiconductor device of drawing 1 is explained, referring to drawing 2 . The input 
IN of a high-tension switch is connected to the gate of the N-channel metal oxide 
semiconductor transistor QN5 through the inverter 6 while connecting with the 
gate of the N-channel metal oxide semiconductor transistor QN4. P channel 
MOS transistors QP1 and QP2 which serve as a complementary pair, 
respectively are connected to transistors QN4 and QN5, and those nodes 
become a reversal output OUT bar and the noninverting output OUT. High 
tension HV is supplied to the source of transistors QP1 and QP2 from a charge 
pump circuit. It connects with the gate of transistors QP2 and QP1, respectively, 
and the reversal output OUT bar and the noninverting output OUT of a high- 
tension switch constitute the positive feedback loop formation. 
[0016] If a high-level test enable signal is supplied to the input IN of a high- 
tension switch by the above configuration, the reversal output OUT bar of a high- 
tension switch will serve as a low level, and the noninverting output OUT will 
become high-level by it. 



[0017] 

[Effect of the Invention] According to this invention, in the semiconductor device 
which was described above and which has nonvolatile memory, ON/OFF control 
of the high tension supplied from the outside can be performed to accuracy like, 
without making a chip area increase not much. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of the 
semiconductor device concerning 1 operation gestalt of this invention. 
[Drawing 2] It is the circuit diagram of the high-tension switch used for the 
semiconductor device of drawing 1 . 

[Drawing 3] It is the block diagram showing the example of a configuration of the 
conventional semiconductor device. 

[Drawing 4] It is the block diagram showing other examples of a configuration of 
the conventional semiconductor device. 
[Description of Notations] 
1, 11, 12 Charge pump circuit 



2 Regulator 

3 Internal Circuitry 

4 High Voltage Supply Terminal 

5 25 High-tension switch 

6 Inverter 

QN1-QN6 N-channel metal oxide semiconductor transistor 
QP1-QP2 P channel MOS transistor 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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